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SUMMARY
Coccidiosis control may become a greater problem as the use of growth-promoting antibiotics
(GPA) and ionophores declines. Vaccination with live oocysts may turn into a popular alternative
to the use of coccidiostats in broilers, although cocci vaccination is frequently linked to temporary
lower performance in young flocks. This experiment evaluates the dietary supplementation of 2
specific essential oil (EO) blends (Crina Poultry and Crina Alternate), either as alternatives to
GPA and ionophores (BMD + Coban) or as feed additives that help to improve the performance
of cocci-vaccinated broilers. Live performance and lesion scores were observed. These 2 specific
EO blends differ in their efficacy to promote growth. Chickens that were not cocci vaccinated and
were fed Crina Poultry had better feed conversion ratio (FCR) than the unmedicated control
treatment in the starter period. The same EO improved FCR in cocci-vaccinated birds in the
finisher period in comparison to the negative control group, but those responses were not
significantly different from other treatments or significant at 49 d of age. No significant differences
were observed in lesion scores at 37 d. Diets supplemented with a GPA-ionophore combination
consistently supported the best BW gain and FCR in each period and the entire grow-out period.
No significant beneficial or deleterious effects on live performance were observed due to these
specific EO blends in cocci-vaccinated broilers.
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DESCRIPTION OF PROBLEM
The search for new alternatives to replace
the beneficial effects of growth-promoting anti-
biotics (GPA) and ionophores is becoming more
important because several products have been
banned, and microbial drug-resistance appears
1The use of trade names in this publication does not imply endorsement of the products mentioned or criticism of similar
products not mentioned.
2To whom correspondence should be addressed: edgar_oviedo@ncsu.edu.
to be increasing [1, 2, 3]. Coccidiosis is one of
the most common enteric diseases to control in
poultry production. This disease causes losses
close to US$1.5 billion worldwide every year
[4] and at least $300 million to the US poultry
industry [5].
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An alternative for the sustainable control of
coccidiosis in broilers is live vaccination with
viable oocysts. The commercial cocci vaccines
available worldwide contain oocysts of at least
the 3 more common species of Eimeria [6, 7,
8]. Vaccination with live oocysts has proven to
be successful in commercial conditions and is
currently more widely used in broilers [8, 9].
However, cocci vaccination generally reduces
early live performance of broilers, which gener-
ally is associated with secondary enteritis, or
even sporadically, necrotic enteritis (NE) inci-
dence [6, 7]. Coccidiosis and Clostridium per-
fringens type A or C are considered to be the
main etiologies for NE [9].
Intestinal microflora play a role in acquired
immunity against coccidia [10, 11, 12, 13], al-
though the exact mechanisms underlying this
response are not clear. It seems that chickens
perform better under Eimeria challenge when
fed Lactobacillis-based probiotics; have higher
subpopulations of gut T lymphocytes expressing
the surface markers CD3, CD4, CD8 and α/β
T-cell receptors; and have significantly higher
IFN-γ and IL-2 at 3 d postinfection with Eimeria
acervulina [12]. There is also evidence that the
normal gut microflora in healthy birds inhibits
the pathogenicity of C. perfringens [14], and
coccidia infection favors C. perfringens prolifer-
ation [15].
Several alternatives, such as the use of coad-
juvants [12, 16], antibiotics, probiotics [10], and
other feed additives, have been used to reduce
the deleterious effects of cocci vaccination, help-
ing to modulate gut microflora [6, 12]. Because
antibiotics may be banned from the poultry in-
dustry, new natural alternatives that reduce C.
perfringens infection should be evaluated. Re-
cently [17, 18] the essential oils (EO) thymol,
carvacrol, and eugenol were reported to have
specific properties against Clostridium spp. colo-
nization and proliferation in the gut of broilers,
reducing NE complications when using live vac-
cination. Other researchers have concluded that
oregano EO (mainly carvacrol and thymol) also
exerts specific anticoccidial effects against Eim-
eria tenella [19] or a mixed challenge of Eimeria
spp. [20].
Consequently, the purpose of this project
was to evaluate the dietary supplementation of
2 different specific EO blends (Crina Poultry
and Crina Alternate) [21] as alternatives to GPA
and ionophores for broilers that are not cocci
vaccinated or as an immunomodulator in cocci-
vaccinated broilers during a grow-out period of
49 d.
MATERIALS AND METHODS
All procedures involving animals were ap-
proved by the Stephen F. Austin State University
Institutional Animal Care and Use Committee.
Birds, Diets and Experimental Design
A total of 1,728 1-d-old Cobb-500 male
chickens were placed in 48 floor-pens (36 birds/
pen) in a tunnel-ventilated dark-house and ran-
domly distributed among 7 treatment groups (4
groups not cocci vaccinated and 3 cocci-vacci-
nated groups). There were 7 replicates per treat-
ment, except for the negative control (unmedi-
cated) that had 6 replicates. Used litter, top-
dressed with 2 in. of fresh pine wood shavings
was used as bedding. The previous flock housed
in this same facility was challenged with coc-
cidia. The lighting program used during this ex-
periment consisted of continuous lighting (3 ft-
c = 32 lx) with 5 min of blackout training from
1 to 7 d of age, 14 h of light (11 lx)/d up to 35
d, followed for 21 h light/d up to 42 d of age,
and finally increasing light intensity (21.52 to
32 lx) and photoperiod (23 light/d) during the
withdrawal phase (42 to 49 d). All changes in
photoperiod length and light intensity were
made gradually.
Broilers were raised to 49 d and fed starter
(1 to 13 d), grower (13 to 34 d), finisher (35 to
42 d), and withdrawal (42 to 49 d) diets (Table
1). Diets were formulated to guarantee or exceed
recommended nutrient requirements [22]. One
basal diet was mixed for each dietary period,
and the additives were blended in according to
treatment distribution at a later time.
Seven treatments were compared: 4 not cocci
vaccinated and 3 cocci vaccinated. The not
cocci-vaccinated treatments included chickens
fed 1) basal diets without feed additives (WFA),
which was the negative control or unmedicated
group; 2) basal diets supplemented with an anti-
biotic (BMD) [23] at 50 g/ton, and ionophore
(Coban 60) [24] at 90 g/ton as positive control
group (AI). Two treatments were fed the basal
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TABLE 1. Composition (%) of the basal diets and nutrient concentrations
Starter Grower Finisher Withdrawal
Ingredient 0–13 d 13–35 d 35–42 d 42–49 d
Yellow corn 58.48 63.67 67.99 71.30
Poultry fat 2.42 2.66 2.41 2.75
Soybean meal 35.66 30.61 26.86 23.34
Calcium carbonate 0.85 0.77 0.65 0.84
Tricalcium phosphate 1.80 1.62 1.48 1.29
Sodium chloride 0.38 0.27 0.25 0.2
Sodium bicarbonate 0.01 0.01 0.02 0.05
HCL-lysine 0.10 0.12 0.12 0.07
DL-Methionine 0.21 0.18 0.13 0.07
Vitamin-mineral premix1,2 0.09 0.09 0.09 0.09
Total 100.00 100.00 100.00 100.00
Nutrient concentration
ME, kcal/kg3 3,050 3,120 3,150 3,200
Crude protein, %4 22.40 19.60 18.30 17.1
Calcium, %3 1.00 0.90 0.80 0.80
Available phosphorus %3 0.45 0.41 0.38 0.34
Lysine, %4 1.21 1.08 0.98 0.89
Methionine, %4 0.45 0.43 0.36 0.31
TSAA, %4 0.82 0.77 0.67 0.62
Tryptophan, %4 0.28 0.26 0.24 0.22
Threonine, %4 0.80 0.71 0.67 0.61
Sodium, %3 0.26 0.21 0.20 0.18
Chlorine, %3 0.28 0.21 0.20 0.17
DEB, mEq/kg5 264 242 225 209
1Provided per kilogram of diet: vitamin A (from vitamin A acetate), 7,714 IU; cholecalciferol, 2,204 IU; vitamin E (from
DL-α-tocopheryl acetate), 16.53 IU; vitamin B12, 0.013 mg; riboflavin, 6.6 mg; niacin, 39 mg; pantothenic acid, 10 mg;
menadione (from menadione dimethylpyrimidinol), 1.5 mg; folic acid, 0.9 mg; thiamin (from thiamine mononitrate), 1.54
mg; pyridoxine (from pyridoxine hydrochloride), 2.76 mg; D-biotin, 0.066 mg; ethoxyquin, 125 mg; Se, 0.1 mg.
2Provided per kilogram of diet: Mn (from MnSO4H2O), 100 mg; Zn (from ZnSO47H2O), 100 mg; Fe (from FeSO47H2O),
50 mg; Cu (from CuSO45H2O), 10 mg; I (from Ca(IO3)2H2O), 1 mg.
3Calculated values from NRC [22].
4Analyzed values.
5DEB = dietary electrolyte balance (Na + K − Cl).
diets supplemented with the specific EO blends:
3) Crina Poultry and 4) Crina Alternate. Chick-
ens in the other 3 treatments were vaccinated at
1 d of age with Advent [25] by spray. These
treatments were 5) vaccinated and fed WFA
diets, 6) vaccinated and fed diets including Crina
Poultry, and 7) vaccinated and fed a diet includ-
ing Crina Alternate. The EO blends were added
to all 4 diets at 100 ppm. The AI combination
was not added to the withdrawal diet (42 to 49
d of age).
Measurements and Statistical Analysis
Body weight gain (BWG) and feed intake
(FI) were recorded at 13, 35, 42, and 49 d of
age. Feed conversion ratio (FCR) was calculated
and corrected by FI and mortality weights. Rela-
tive BWG was calculated in relation to the WFA
negative control group. The temperature, humid-
ity, and lighting program were controlled, and
variations from the programmed parameters
were recorded.
Mortality was recorded twice a day. Verifi-
cation of oocyst shedding was performed at 7 d
of age in all treatments. Lesion scores in the
duodenum, midgut (jejunum-ileum), and ceca
were evaluated at 37 d of age [26] in 2 broilers
per pen.
Pen means were used as experimental units.
The data were analyzed as a completely random-
ized design. Percentage mortality data were
transformed to arcsine for analysis, and final
data are presented as natural numbers. All vari-
ables of statistical significance were based on a
probability of P ≤ 0.05. Data were subjected to
ANOVA using GLM procedure of SAS system
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[27]. Mean separation was accomplished using
Tukey’s multiple range tests. Lesion scores were
analyzed using a chi-squared test (Kruskal-Wal-
lis test) [27].
RESULTS AND DISCUSSION
Live Performance
of Non-Cocci-Vaccinated Broilers
No significant (P > 0.05) differences were
observed for BWG and FI during the starter
period (Tables 2 and 3). The positive control
treatment AI did not significantly improve
broiler BWG when compared with their cohorts
in the negative WFA control group during the
starter and grower periods, but it significantly
(P < 0.01) promoted growth during the finisher
period. This finding might have been due to low
bacterial challenge during these initial feeding
phases, because used litter was top-dressed with
fresh pine wood shavings. Broilers fed diets con-
taining Crina Alternate had significantly (P <
0.01) less FI than the broilers in the WFA control
treatment during the finisher period without neg-
atively affecting BWG or FCR (Tables 2 and
3). The BWG of non-cocci-vaccinated broilers
fed Crina Poultry was not significantly different
from those broilers fed diets supplemented with
the AI combination or from the WFA negative
control. No significant (P > 0.05) treatment ef-
fects were observed during the withdrawal
period.
The relative BWG improvements were not
higher than 8% when compared to WFA nega-
tive control (Table 2). These results are consis-
tent with extensive literature reviews [3] that
concluded the average benefit of GPA is 3 to
4% with a range that goes from no benefit to
8%. The AI diet (positive control) significantly
improved FCR (Table 3) during the grower (P
< 0.001), and finisher (P < 0.05) periods and
during the entire grow-out period (P < 0.001).
The EO blend Crina Poultry significantly im-
proved FCR (P < 0.05) in nonvaccinated birds
when compared with the WFA negative control
treatment but were not significantly different
from the other treatments (Table 3).
The results observed with Crina Poultry are
not surprising. Other specific EO blends have
been shown to be as effective as the antibiotics
virginiamycin [28] and BMD [17] in promoting
growth and in the prevention of NE and as the
ionophores lasolacid [19] and salinomycin [20]
in reduction of coccidiosis. The EO blends from
thyme and garlic do not improve the nutritional
value of soybean meal, and any improvements
observed with EO might be attributed to their
antimicrobial effects, especially toward C. per-
fringens [6, 28, 29].
Live Performance
of Cocci-Vaccinated Broilers
All cocci-vaccinated treatments had signifi-
cantly (P < 0.01) less BWG during the grower
period (13 to 35 d) than the positive control
AI but were not significantly different from the
WFA negative control (Table 2). The BWG dur-
ing the entire period (0 to 49 d) was significantly
(P < 0.01) lower for cocci-vaccinated broilers
fed WFA diets than for broilers fed AI diets but
not lower than the broilers in the WFA nega-
tive control.
No significant (P > 0.05) deleterious effects
on FCR were observed in any of the cocci-vacci-
nated groups as compared to the WFA negative
control (Table 3). The supplementation of Crina
Poultry in diets fed to cocci-vaccinated chickens
significantly improved FCR in the finisher pe-
riod when compared with the WFA control (Ta-
ble 3). In contrast, broilers fed diets supple-
mented with Crina Alternate had significantly
worse FCR than the broilers fed AI or Crina
Poultry supplemented diets.
The specific blends of EO evaluated in the
present experiment did not consistently promote
better performance in cocci-vaccinated broilers.
On the other hand, the dietary supplementation
of oregano products has shown significant bene-
fits to increase BWG and FI of cocci-vaccinated
broilers up to 48 d of age, whereas FCR was
not significantly affected [7, 30]. It is necessary
to consider that there is high variability among
specific EO blends with respect to contents of
phenolic compounds that might also affect the
performance, metabolism, and immunity of
broilers [31, 32].
No significant (P > 0.05) differences due
to treatment effects were observed in mortality
(data not shown). At 7 d of age, oocyst shedding
was observed only in cocci-vaccinated treat-
ments. Lesion scores were not affected (P >
0.05) by treatments (Table 4) at 37 d. However,
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TABLE 4. Effects of essential oils, medication, and vaccination on intestinal lesion scores of male broilers at 37
d of age1
Lesion scores4
Treatment2,3 Duodenum Jejunum-ileum Cecum Total lesion score5
NV − WFA 1.17 ± 0.30 (23.3) 0.0 ± 0.14 (21.5) 0.33 ± 0.21 (23.5) 1.50 ± 0.22 (20.8)
NV − AI 1.43 ± 0.27 (27.3) 0.14 ± 0.13 (24.9) 0.57 ± 0.19 (29.2) 2.14 ± 0.51 (29.6)
Crina Poultry6 1.43 ± 0.27 (28.6) 0.00 ± 0.13 (21.5) 0.43 ± 0.19 (25.8) 1.86 ± 0.26 (26.3)
Crina Alternate6 1.14 ± 0.27 (23.4) 0.14 ± 0.13 (24.9) 0.43 ± 0.19 (25.8) 1.71 ± 0.29 (23.9)
V4 − WFA 1.43 ± 0.27 (26.8) 0.14 ± 0.13 (24.9) 0.29 ± 0.19 (22.4) 1.86 ± 0.40 (25.6)
V + Crina Poultry 1.28 ± 0.27 (26.2) 0.28 ± 0.13 (28.4) 0.29 ± 0.19 (22.4) 1.86 ± 0.90 (27.3)
V + Crina Alternate 0.71 ± 0.27 (15.8) 0.14 ± 0.13 (24.9) 0.29 ± 0.19 (22.4) 1.14 ± 1.21 (17.5)
Chi-squared 4.95 3.52 2.04 3.94
P-value 0.550 0.742 0.916 0.685
1Means represent 14 broilers per treatment and are presented as mean ± SEM (mean rank).
2NV = nonvaccinated; V = cocci-vaccinated with Advent [25] at 1 d of age by spray; WFA = without feed additives; AI =
BMD [23] at 50 g/ton + Coban 60 [24] at 90 g/ton, except for the withdrawal phase (42 to 49 d).
3Essential oils [21], Crina Poultry and Crina Alternate, were added at 100 ppm.
4Kruskal-Wallis test (P < 0.05) was used to evaluate the effects of treatment on coccidia lesion scores [26] in each intestinal
section.
5Total values of coccidial intestinal lesion scores [26].
the lesions and incidence of enteritis were ob-
served mainly in the duodenum, indicating that
some bacterial or protozoal challenge was still
present at the time of evaluation. We hypothe-
sized that there might not have been enough
coccidial or bacterial challenge to observe sig-
nificant effects.
The differences in responses between these 2
specific EO blends might be due to their different
CONCLUSIONS AND APPLICATIONS
1. These 2 specific EO blends differ in their efficacy to promote growth in broilers.
2. The EO blend Crina Poultry promoted growth and maintained good FCR in young non-cocci-
vaccinated broilers, but no significant improvements in live performance were observed at 49
d of age.
3. No significant effects of EO blends on live performance of cocci-vaccinated broilers were
observed. The effects of EO blends on immunology of cocci-vaccinated broilers should be
further studied.
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